Purpose The purpose of this study was to conduct a questionnaire-based survey of subjective visual perceptions induced by intravitreous (IVT) injections of therapeutic agents. Patients and methods Patients undergoing an IVT injection of ranibizumab, pegaptanib sodium, or triamcinolone acetonide were administered a questionnaire in the immediate post-injection period and at 2 weeks of follow-up. Results In the immediate post-injection period (75 IVT injections, 75 eyes, 75 patients), lights and floaters were reported after 20 (27%) and 24 (32%) IVT injections, respectively. In comparison, at the 2-week follow-up, the incidence of reported lights (11; 15%) was similar (P40.05), but the incidence of reported floaters was higher (48; 64%; P ¼ 0.00). Subgroup analysis for various injection subgroups (no previous injection vs previous injection(s) in the study eye; injections in study eyes with good VA (logarithm of minimal angle of resolution [logMAR] r0.3) vs moderate VA (0.7 ologMAR40.3) vs poor VA (logMAR Z0.7); injections according to pharmacological agent (ranibizumab vs pegaptanib vs triamcinolone acetonide); injections in study eyes with choroidal neovascularization (of various causes) vs study eyes with macular edema (of various causes); and injections in phakic vs pseudophakic eyes) did not reveal any statistically significant associations. Visual perceptions experienced following 15% of IVT injections gave cause for concern to the patient (mean visual analog scale score ( ± SD): 4.5 ( ± 1.7)), and in 64% of cases, the patients believed that preoperative counseling would have averted the concern. Conclusions Lights and floaters are frequent visual perceptions following IVT injections of therapeutic agents. They can give rise to concern that could be alleviated with preinjection counseling.
Introduction
Intravitreous (IVT) administration of therapeutic agents has become routine practice in ophthalmology in the last decade. IVT injections of antibodies to vascular endothelial growth factor (anti-VEGF), such as ranibizumab (Lucentis, Genentech, San Francisco, CA, USA), pegaptanib sodium (Macugen, OSI/Eyetech and Pfizer, New York, NY, USA) and bevacizumab (Avastin, Genentech), as well as IVT injections of triamcinolone acetonide (Kenalog, Bristol-Myers Squibb, New York, NY, USA), have gained popularity in the treatment of a wide array of ophthalmic disorders, such as choroidal neovascularization (CNV) secondary to neovascular age-related macular degeneration 1, 2 and angioid streaks, 3 macular edema (MO) secondary to diabetes mellitus, 4, 5 central retinal vein occlusion, 6 branch retinal vein occlusion, 7 uveitis, 8 pseudophakia, 9 and telangiectasia. 3 Indeed, some authors are even using IVT therapeutic agents for relatively rare disorders, such as central serous chorioretinopathy. 3 Patients' visual perceptions and experiences induced by frequently performed ophthalmic surgical procedures, such as cataract surgery (under topical [10] [11] [12] [13] [14] [15] and regional anesthesia [11] [12] [13] [14] 16, 17 ), glaucoma filtration surgery, 18 and vitreoretinal surgery, [19] [20] [21] [22] are well documented. Indeed, the beneficial effect of preoperative counseling with respect to known and anticipated visual experiences during phacoemulsification cataract surgery, under topical anesthesia, in terms of reducing patients' fear, has been described. 23 However, to our knowledge, there has been no report of patients' subjective visual experiences induced by IVT injections. Awareness of patients' visual experiences in the immediate and early post-injection periods will enhance counseling in the preinjection setting, and may avert unjustified concern in the post-injection period on the part of patients undergoing IVT injections of therapeutic agents.
We have executed and report a questionnaire-based survey, designed to investigate and document visual perceptions induced by IVT injections of therapeutic agents.
Patients and methods
Patients undergoing an IVT injection of ranibizumab, pegaptanib sodium, or triamcinolone acetonide by a single surgeon (SB) between September 2009 and December 2009 were included in the survey. We recruited 82 patients (94 eyes), who underwent a total of 180 consecutive IVT injections and who, following each IVT injection, answered the immediate post-injection questionnaire. Only one injection episode per patient was selected for evaluation (the first one, in cases of serial injections) to avoid subject bias. Each patient was furnished with a detailed information leaflet regarding the risks and benefits of IVT administration of therapeutic agents, including blindness and loss of an eye, and provided written and informed consent for the proposed procedure. Of note, the leaflet did not allude to possible visual perceptions following the injection. Each patient provided informed consent before participating in the questionnaire-based survey. Ethics committee approval was secured from the Local Regional Ethics Committee and the research was conducted in accordance with the tenets of the Declaration of Helsinki.
The IVT injection was performed under direct non-microscopic visualization, under topical anesthesia (single-dose, preservative-free guttae proxymetacaine hydrochloride 0.5% w/v (Minims Proxymetacaine 0.5% Eye Drops, Chauvin, Kingston-upon-Thames, UK)) and using aseptic technique, in accordance with existing consensus guidelines. [24] [25] [26] The pupil was pharmacologically dilated before the IVT injection with single-dose preservative-free guttae cyclopentolate hydrochloride 1% w/v (Minims Cyclopentolate Hydrochloride) and single-dose preservative-free guttae tropicamide 1% w/v (Minims Tropicamide), to allow visualization of the central retinal artery (CRA) immediately after injection. Visualization of the CRA was achieved using a head-mounted indirect ophthalmoscope until such time, as the pulsatile or perfused status of the optic nerve head was confirmed. All patients were given information on signs and symptoms of endophthalmitis, and other clinically important symptoms, and instructed to present immediately should such symptoms occur. Of note, inadvertent injection of an air bubble was not observed in any of the cases.
An initial questionnaire was administered by the authors, in the immediate post-injection period, and only after confirmation of the pulsatile or perfused status of the CRA (Table 1) . It contained three questions, all leading in nature. The first two questions offered 'yes' or 'no' forced-choice alternate options. The last question offered 'better', 'worse', or 'same' forced-choice alternate-options. The person administering the questionnaire covered the patient's other eye for the duration of completion of the questionnaire and asked him/her to keep the injected eye open while answering the questions.
All patients were discharged the same day and routine follow-up was scheduled for 2 weeks following the injection.
At the time of the 2-week follow-up, a second questionnaire was given to the patients ( Table 1) . The questionnaire was self-administered in the cases in which the patients' visual acuity (VA) allowed them to read it, and administered by the investigators in cases in which the patient's VA prevented him/her from reading the questionnaire. It contained six questions, all leading in nature, relating to visual experiences in the injected eye over the preceding 2 weeks. The first three questions were identical to the ones in the immediate post-injection questionnaire. Of the additional three questions, two questions offered 'yes' or 'no' forced-choice alternate options, and one question offered a visual analog scale (VAS) from 0 to 10 and asked the patients to grade any fear/distress/concern arising from the visual perceptions experienced since the IVT injection.
The mean follow-up was 15.2 days (SD: 2.8; range: 8-26). No intra-or post-operative complications occurred.
Statistical analysis was performed using the software package PASW Statistics 18.0 (IBM Corporations, Somers, NY, USA). The responses to questionnaire items in the immediate and 2-week recollection questionnaires were analyzed for the entire group and for the following injection subgroups: no previous injection vs previous injection(s) in the study eye; injections in study eyes with good VA (logarithm of minimal angle of resolution [logMAR]r0.3) vs moderate VA (0.7ologMAR40.3) vs compare the responses to each questionnaire item in the predefined subgroups, and a one-way analysis of variance was performed to compare the VAS scores between subgroups. A P-value of less than 0.05 was considered statistically significant.
Results
After implementation of the exclusion criteria, data from 75 patients (75 eyes), who underwent one IVT injection but completed both questionnaires, were evaluated. The mean ( ± SD) age was 74.3 ( ± 9.7) years. The male/female ratio was 25 : 50, and the right eye: left eye ratio was 33 : 42. In total, 45 patients (60%) had a history of IVT injection(s) before recruitment in the study.
Analysis of entire group
The responses in the entire group, to each questionnaire item, immediately after an IVT injection (n ¼ 75), and at the 2-week follow-up (n ¼ 75), are given in Table 2 . Lights were observed immediately following 27% (20/75) of IVT injections, and were flashing (11/20; 55%) and colored (13/20; 65%) in over half of these cases. The answers at the time of completion of the 2-week recollection questionnaire, with respect to perceived lights, were not statistically different from those reported in the immediate post-injection period (Wilcoxon signedrank tests: P40.05 for all).
Floaters were observed immediately after 24/75 (32%) IVT injections, and were black in 14/24 (58%) of these cases and colored in 8/24 (33%) of these cases, with blue and purple being the predominant colors reported. At the time of completion of the 2-week recollection questionnaire, there was a statistically significant increase in the number of IVT injections that had caused floaters, with floaters reported after 64% of IVT injections, compared with only 32% of IVT injections in the immediate post-injection period (Wilcoxon signed-rank tests: P ¼ 0.00). The rest of the answers, at the time of completion of the 2-week recollection questionnaire, At the time of completion of the 2-week recollection questionnaire, visual perceptions experienced following 15% (n ¼ 11) of IVT injections had given cause for concern/distress to those undergoing the injection (mean VAS score ( ± SD): 4.5 ( ± 1.7)), and in 64% of these cases (n ¼ 7) it was believed by the patient that preoperative counseling would have alleviated the expressed concern. Finally, the reported quality of vision changed significantly between the immediate post-injection period and the time of completion of the 2-week recollection questionnaire, with better, similar, and worse vision reported following 44, 51, and 5% of injections at the 2-week follow-up, respectively (compared with following 10, 25, and 65% of IVT injections, respectively, immediately after injection; Wilcoxon signed-rank tests:
Subgroup analysis
Subgroup analysis of responses to each questionnaire item was performed for responses given immediately after an IVT injection (Table 3 ) and for responses given at the time of completion of the 2-week recollection questionnaire (Table 4) . Both immediately after an IVT injection and at the time of completion of the 2-week recollection questionnaire, floaters were more likely to be reported in the suspension subgroup (triamcinolone acetonide; 4/6; 67%) than in the clear-agent subgroup (ranibizumab or pegaptanib sodium; 20/69; 29%; w 2 -test: P ¼ 0.06), but the difference was statistically borderline. Similarly, floaters were more likely to be reported by patients receiving an injection for the treatment of MO (7/13; 54%) than by patients receiving an injection for the treatment of choroidal neovascular membrane (17/62; 27%) (w 2 -test: P ¼ 0.06), but again, the difference was statistically borderline. Subgroups did not differ in any other respect of visual perception, either immediately following the IVT injection or at the time of completion of the 2-week recollection questionnaire (w 2 -test; P40.05 for all remaining findings).
Discussion
We executed and report a questionnaire-based survey, designed to investigate and document subjective visual perceptions induced by IVT injections of therapeutic agents. We believe that awareness of patients' visual experiences in the immediate and early post-injection periods is important for the purposes of preoperative counseling and informed consent, and to satisfactorily Lights and floaters are frequent visual perceptions S Charalampidou et al address patients' telephone queries in the early post-injection period.
To the authors' knowledge, there are no published reports of visual perceptions following IVT injections of therapeutic agents, although a number of studies have been performed on the visual phenomena experienced by patients during phacoemulsification cataract surgery. [10] [11] [12] [13] [14] [15] [16] [17] We report that flashing lights and floaters are commonly experienced by patients immediately following an IVT injection, and that flashes are experienced by almost two-thirds of patients within the first 2 weeks following the procedure. Preinjection VA, clinical indication for the IVT injection, and the nature of the pharmacological agent injected did not influence the visual experiences of patients, although the authors concede that subgroups analysis was limited because of its small size. Of note, visual experiences following 15% of IVT injections gave cause for concern on the part of patients.
It has been postulated that the visual phenomena experienced by patients during phacoemulsification cataract surgery might represent a combination of colored entoptic phenomena, light-induced visual sensations, and afterimages, 27 and it is likely that a number of well-described entoptic phenomena 28 might be similarly responsible for the visual experiences described by patients after an IVT injection. First, for example, droplets and threads of guttae fusidic acid, a substance, which because of its viscous nature, causes local variation in the refractive index of the cornea, might cause streaks and spots of light, 28 as reported by some patients in this study. Of note, the authors do concede that the presence of viscous guttae fusidic acid on the ocular surface immediately after injection (which was part of the post-injection protocol) may have contributed to the blurring of vision reported by some patients in the immediate post-injection period. Moreover, a transient elevation of intraocular pressure immediately after injection (attested to by the pulsatile nature of the CRA of the injected eye) could cause corneal epithelial edema and consequential halos of light. 28 Further, vitreous opacities are known to cast umbral shadows on the retina that give rise to positive scotomas, and are reported by patients as floaters, shadows, or chains of bright spots like a string of pearls, 28 and this is a well-described effect of an IVT injection of triamcinolone acetonide (which is opaque). However, it is possible that ranibizumab and pegaptanib sodium, even though transparent, would cause local variation in the refractive index of the vitreous, thereby giving rise to similar visual experiences. Also, direct mechanical stimulation of the retina is known to cause a luminous sensation Table 4 Subgroup analysis of questionnaire responses at 2 weeks after an IVT injection 
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Clear agent Eye called a phosphene, 28 and it is possible that the mechanical pressure applied locally on the sclera at the point of injection, firstly by the calipers and then by the needle, might induce such phosphenes following an IVT injection. Finally, the light source of the head-mounted indirect ophthalmoscope, used to visualize the CRA at the end of the procedure, could give rise to Purkinje's figures (a percept of the retinal vascular tree, reported by surveyed patients as shadows or cobwebs), 28 if the direction of the incident light changed quickly during the examination.
Awareness of the nature and duration of visual phenomena, induced by IVT injections, should represent an important component of patient preinjection counseling, and will facilitate the healthcare worker dealing with patients' queries (by telephone or otherwise) regarding their IVT injection in the preinjection and in the post-injection period. Furthermore, and in an era of falling thresholds for surgical intervention (and associated high expectations of patients), inadequate informed consent remains the most important factor in cases of medico-legal litigation. [29] [30] [31] We believe that knowledge of the nature and duration of visual perceptions attributable to IVT injections, reported here for the first time, will furnish the practicing ophthalmologist with the wherewithal to strengthen the process of informed consent in the preinjection setting.
In conclusion, lights and floaters are frequent visual perceptions following an IVT injection of therapeutic agents. The majority of participants reported that the concern arising from these visual experiences would have been alleviated if they had been counseled before the injection. Hence, the data from this study will inform professional practice and patients' expectations following the procedure alleviate concerns in the immediate and early post-injection periods, and enhance the process of informed consent.
